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A power capacitor 

i 

TECHNICAL FIELD 

5 The present invention relates to a method for manufacturing 
a capacitor for temporary storage of electrical energy com- 
prising at least one capacitor element comprising a roll of 
alternate dielectric films and electrode films, wherein the 
roll has two first and second end surfaces, facing away from 
10 each other, in which said electrode films are connectably 

exposed. More particularly, the present invention relates to 
a method for manufacturing power capacitors. The invention 
also relates to equipment for carrying out such a method. 

15 BACKGROUND ART 

X power capacitor is usually composed of a plurality of 
parallel-connected strings of a number of sub-capacitors, 
so-called capacitor elements. Each string comprises a plura- 

20 lity of series-connected capacitor elements. Each capacitor 
element comprises a number of very thin layers of electrodes 
of thin aluminium foils separated by films of dielectric 
material, usually in the form of polymer films wound into a 
roll which is flattened to be capable of being optimally 

25 stacked into a package. The package is placed in a capacitor 
container filled with an electrically insulating liquid. The 
capacitor elements are interconnected in a matrix and are 
connected to two insulating bushings, whereby the number of 
series-connected and parallel-connected capacitor elements, 

30 respectively, is determined by the capacitance desired in 
the capacitor. Usually, also a fuse is connected in series 
with each element. In addition to elements and fuses, the 
capacitor also comprises special resistors for discharge of 
residual charges. 

35 

In certain commercially available capacitors, the capacitor 
elements are arranged such that the aluminium foil of the 
first electrode at the first end surface of the capacitor 
element projects outside the edge of the polymer films, 
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whereas at the same first end surface of the capacitor 
element, the edge of the second adjacent aluminium foil, 
serving as an opposite electrode, is arranged with its edge 
inside the edge of the polymer films. In a corresponding 
5 way, the aluminium foil of the second electrode is arranged 
such that, at the second end surface of the capacitor ele- 
ment, it projects outside the edge of the polymer films, 
whereas the edge of the aluminium foil of the first elec- 
trode at the second end surface is arranged with its edge 
10 inside the edge of the polymer films. 

r 

The capacitor elements are arranged with leads connected to 
the respective electrode at the respective end surface. The 
leads, in their turn, are connected to fuses, discharge 
15 resistors, busbars, or other devices for interconnection of 
the capacitor elements or for connection to the insulated 
bushings . 



20 



Usually, the leads are connected to the aluminium foils, 
which constitute electrodes, by soldering. To make possible 
this soldering, a first pre-soldering is required. The 
object of the first pre-soldering is to remove the aluminium 
oxide that constitutes the surface layer of the aluminium 
foil, and to create a surface on the capacitor element 
25 against which the lead may be soldered with an acceptable 
soldering result. The solder that is used in the pre-sol- 
dering consists, for example, of 75% tin and 25% zinc. 



30 



35 



After the first pre-soldering, a second pre-soldering is 
usually carried out. During the second pre-soldering, a 
solder cake is created on the first pre-soldering, into 
which the lead may be soldered. The solder used during the 
second pre-soldering consists, for example, of 50% tin and 
50% lead. 

In known methods for supplying solder, for example in the 
form of pellets or wire, for the above-described first pre- 
soldering, the solder tip tends to be coated and oxidized. 
For this reason, it has not been possible to automate the 
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first pre-soldering but it has been necessary to use a 
manual method that permits an operator to adapt the solder- 
ing to the degree of coating and oxidation of the soldering 
tip, and, where necessary, to clean the solder tip. The 
5 manual method also becomes operator-dependent and therefore 
runs the risk of resulting in a non-uniform quality. 

SUMMARY OF THE INVENTION 

10 The object of the invention is to make possible an automated 
manufacturing method for an automatic first pre-soldering of 
a capacitor element that entails a uniform quality. 

This object is achieved according to the invention by a 
15 method according to the characteristic features described in 
the characterizing portion of the independent claim 1 and by 
equipment according to the features described in the charac- 
terizing portion of the independent device claim 15. Advan- 
tageous embodiments will be clear from the following de- 
20 scription and the dependent claims. 

When manufacturing a power capacitor comprising at lest one 
capacitor element, wherein the capacitor element comprises a 
roll of alternate dielectric films and electrode films, the 

25 roll has first and second end surfaces, facing away from 
each other, in which said electrode films are connectably 
exposed. A solder tip is heated to a suitable temperature in 
a pot with a preheated solder and solder adheres to the ■ 
solder tip by capillary forces. Thereafter, the solder tip 

30 applies the solder to at least one of the end surfaces of 
capacitor elements by causing the solder tip with solder to 
be brought into contact with said end surface. The contact 
between the solder tip and the end surface is brought to 
cease. Thereafter, at least one lead is fixed by soldering 

35 to said end surface. 

The object of the invention is achieved by means of equip- 
ment for carrying out the method described above, wherein 
the equipment comprises a solder pot and a solder head that 
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is arranged with a first linear module for movements in the 
x-direction (horizontally) and a second linear module for 
movements in the y-direction (vertically) . The equipment 
also comprises a press unit for fixing the capacitor ele- 
5 ments. The solder pot, the solder head, the first and second 
linear modules and the press unit are arranged on a steel 
frame. 

Since the solder tip is immersed into the solder pot until 
10 it reaches a temperature suitable for the chosen first pre- 
soldering process, and the solder tip is simultaneously 
coated with solder, the solder tip is oxidized to a con- 
siderably smaller extent than when applying the prior art. 
This means that the need of operator interference is reduced 
15 and that therefore the first pre- soldering may be automated. 
An automatic first pre-soldering entails lower costs and 
ensures a uniform quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

The invention will be described in greater detail in the 
following with reference to the accompanying drawings, 
wherein 

25 Figure 1 is a perspective sketch of a capacitor element with 
leads fixed by soldering, 

Figure 2 shows equipment for an automated first pre-soldering 
of capacitor elements, 

30 

Figure 3 shows the shape of the solder head, 
Figure 4 shows an alternative embodiment of the solder head, 
35 Figure 5 shows alternative embodiments of the solder tip, and 



Figure 6 shows the movement of the solder tip along the end 
surface of the capacitor element. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows how a capacitor element 1 for a capacitor is 
wound from a first electrically conducting aluminium foil 2 
5 and a second electrically conducting aluminium foil 3, which 
constitute the electrodes of the capacitor element. The foils 
are separated by electrically insulating films 4 of a dielec- 
tric material, preferably a polymer material. The capacitor 
element 1 comprises very long foils and films, respectively, 
10 which are wound into a roll with a flattened cross section. 
The first aluminium foil 2, which constitutes the first elec- 
trode, is arranged at the first end surface of the capacitor 
element such that it projects outside the edge of the polymer 
films 4. At the same first end surface of the capacitor ele- 
15 ment, the edge of the adjacent second aluminium foil 3, act- 
ing as an opposite electrode, is arranged with its edge in- 
side the edge of the polymer films 4. The first end 5 of the 
capacitor element is thus in the form of a flattened roll of 
the aluminium foil 2 only, m a corresponding way, the alumi- 
nium foil 3 of the second electrode is arranged such that the 
second end 6 of the capacitor element consists of a flattened 
roll of the second aluminium foil 3 only. At the first end 5 
of the capacitor element, a first lead 7 is connected to the 
aluminium foil 2 by a first solder 8. In a corresponding way, 
25 a second lead 9 is connected by means of a second solder (not 
shown) at the second end 6 of the capacitor element. 

Figure 2 shows equipment 10 for an automatic first pre-sol- 
dering of the capacitor element. The equipment comprises a 

30 welded steel frame 11 on which the various functional compo- 
nents are mounted. The functions are controlled by a Program- 
mable Logic Controller (PLC) and the equipment has a control 
panel from which the equipment is operated. The soldering is 
carried out by a solder head 12, the detailed design of which 

35 is clear from Figure 3. The movement of the solder head in 
the x-direction is controlled by a linear module 13 provided 
with a ball screw. The movement of the solder head in the y- 
direction is controlled by a linear module 14 applied to the 
linear module 13 and provided with a ball screw. The equip- 
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ment 10 has a press unit 15 that fixes the capacitor elements 
1. The press unit 15 comprises a pneumatic cylinder 16 and a 
ball-mounted press plate 17. A turning unit 18 with a press 
plate 19 is arranged so as to be able to fix the capacitor 
elements 1 in three different positions, 0°, 90°, and 180°. 
The ball-mounted press plate 17 is connected to the press 
plate 19 by a guide plunger 28. The equipment 10 is provided 
with a solder pot 20 in which the solder required for the 
pre-soldering is kept liquid. The temperature of the solder 
in the solder pot 20 may be preset in a stepless manner. 

The capacitor elements 1 are loaded manually in the equipment 
10 when the press unit 15 is in the "open" position and in 
the turn position 90°. A capacitor element is brought down 
between the plates 17 and 19 until the long side of the capa- 
citor element contacts a stop provided on the press plates. 
Then, the capacitor element is pushed along the press plates 
until that element is in the correct position for pre-solder- 
ing, whereby the end surface breaks a photocell. When the ca- 
pacitor element is in the right position, it is fixed with 
the aid of the pneumatic press plate 17. 

Figure 3 shows the fundamental design of the solder head 12. 
A solder tip 21 is fixedly arranged on a shaft 22 by means of 
an openable joint. The solder tip is arranged with an active 
tip 26. During the first pre-soldering, the active tip 26 
transfers solder to that end of the capacitor element which 
is to be coated with solder. The shaft 22 is journalled in a 
bearing housing 23. The bearing housing 23 permits axial 
movement of the shaft 22. The shaft 22 is connected to a tur- 
ning device 25 via an insulating shaft 24. The connection be- 
tween the solder tip 21, the shaft 22, the insulating shaft 
24 and the turning device 25 is designed such that the rota- 
ting movement of the turning device 25 is transmitted to the 
solder tip 21. The joint between the shaft 22 and the insula- 
ting shaft 24 is arranged to permit a relative axial move- 
ment, here designated "partially floating suspension". The 
relative axial movement may be blocked by a device therefor. 
This type of suspension is here designated "fixed suspen- 
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sion". When a relative axial movement is allowed, the total 
weight of the solder tip 21 and the shaft 22 and the friction 
in the bearing housing 23 will determine the contact pressure 
between the active tip 26 and that end 5 or 6 of the capaci- 
tor element which is to be coated with solder. When a rela- 
tive movement is not possible, the first pre-soldering will 
occur at that unambiguous axial level at which the active tip 
26 is arranged. The shape of the solder head 12 permits the 
solder tip 21 to be replaced and permits solder tips 21 of 
various shapes to be used. The turning device 25 is arranged 
so that a rotating movement may be transmitted to the solder 
tip during the first pre-soldering. The rotating movement' may 
be reversing. 



15 Figure 4 shows an alternative embodiment of the solder head. 
In this embodiment, a compression spring 27 is arranged be- 
tween the turning device 25 and the shaft 22. When the rela- 
tive axial movement is not blocked, the contact pressure be- 
tween the active tip 26 and the capacitor element 10 will be 
determined by the total weight of the solder tip 21, the 
shaft 22 and the compression spring 27 and by the friction in 
the bearing box 23 plus the compression of the compression 
spring. This type of suspension is here designated "floating 
suspension with compression spring". 



20 
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The device described above may be modified and varied in dif- 
ferent ways within the scope of the basic concept of the in- 
vention . 



Figure 5 shows alternative embodiments of the active tip 26. 
In Figures 5a-d, the active tip 26 is arranged with a rota- 
tionally symmetrical cross section. In figure 5a, the active 
tip 26 is arranged with a smooth end surface. In Figure 5b, 
the active tip 26 is arranged with an end surface with cir- 
35 cular recesses which, for example, are produced by turning. 
In Figure 5c, the active tip 26 is arranged with recesses so 
that a grid-like pattern is formed on the end surface. In 
Figure 5d, the active tip 26 is arranged with a cup-shaped 
recess on the end surface. In Figure 5e, the active tip 26 is 
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arranged with a rectangular cross section. The shape of the 
active tip is not limited to these embodiments but a plurali- 
ty of other embodiments are feasible. The dimensions of the 
active tip, for an optimum first pre-soldering, are adapted 
5 to the geometry of the capacitor element 1. 



10 



The object of the first pre-soldering is to remove the alu- 
minium oxide from the aluminium foil 2, 3 and hence create a 
surface against which the leads 7, 9 may be soldered with an 
acceptable soldering result. The solder that is used for the 
first pre-soldering consists, for example, of Sn 75%, Zn 25%, 
but other solders with different compositions are also feas- 
ible. The solder is preheated in the solder pot to an opera- 
ting temperature adapted to the current solder and the chosen 
15 first pre-soldering process, for example 355 °C, but other 
temperatures in the interval of 300 °C to 400 °C are also 
feasible. 



20 



The solder tip 21 is immersed into the solder pot 20 to a 
depth of about 10 mm below the spider level. Levels both 
larger and smaller than 10 mm are also feasible. The solder 
tip 21 remains immersed into the solder pot 20 until it has 
reached a temperature in the interval of 300 °C to 400 °C, 
suitable for the chosen first pre-soldering process. 
25 Simultaneously with the solder tip 21 being preheated, the 
active tip 26 is coated with liquid solder by the capillary 
force. 



30 



After the solder tip 21 has been preheated to the preselected 
temperature and the active trip 26 has been coated with sol- 
der, the solder head is moved with the aid of the linear mo- 
dules 13 and 14 to the preselected position for the first 
pre-soldering. The solder tip 21 is lowered to the level that 
brings the active tip 26 into contact with the end, 5 or 6, 
35 of the capacitor element, whereby the contact pressure is 
determined by the level and the suspension of the contact 
head: partially floating, fixed, or floating with spring. 
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After contact has been established, the solder tip 21 is 
moved along the first 5 or second 6 end of the capacitor 
element. A proposed movement pattern is illustrated in Figure 
6. The initial contact occurs at a starting point PI. The 
solder tip is then moved to a second position P2, where it 
changes is direction of movement and is moved to a third po- 
sition P3 . The movement pattern thereafter comprises one or 
more further cycles with movements between the second P2 and 
third P3 positions, whereupon the tip is moved to an end 
point P4, from where the solder tip 21 is lifted from the 
first 5 or second 6 end of the capacitor element. 

Simultaneously with the solder tip 21 being moved according 
to the movement pattern described above, it is brought to ro- 
15 tate by the turning device 25. The rotational movement is re- 
versing between two end positions, whereby the rotation in 
each direction is less than one complete turn. 

In addition to the movement pattern described above in combi- 
20 nation with the rotational movement, the first pre-soldering 
may, of course, be carried out in accordance with other move- 
ment diagrams comprising movements in both the x- and y- 
directions and with or without rotation. 
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